ABSTRACT We conducted a broad geographic survey in the northwestern United States to quantify production losses in the alfalfa leafcutting bee (Megachile rotundata (F.), Hymenoptera: Megachilidae), a solitary pollinator used extensively in alfalfa seed production. Viable larvae were found in only 47.1% of the nest cells collected at the end of the season. Most of the rest of the cells contained pollen balls (typiÞed by a provision but no larva; 16.7%), unknown causes of mortality (15.5%), or larvae killed by chalkbrood (8.0%). Prevalence of pollen balls was correlated positively with bee release rates and negatively with alfalfa stand age. The unknown mortality was correlated with the U.S. Department of AgricultureÐPlant Hardiness Zone, and thus, some of the mortality may be caused by high temperature extremes, although the nesting season degreeÐ days were not correlated with this mortality. Chalkbrood prevalence was correlated with possible nesting-resource or crowding-related factors, such as the number of bees released per hectare and the number of shelters used, but not with nesting board disinfection practices. Vapona is used to control parasitoids when the parent bees are incubated before release, and use of this fumigant was associated with an increase in both chalkbrood and diapausing offspring, although any reason for these correlations are unknown. This survey quantiÞes the variation in the quality of alfalfa leafcutting bee cocoons produced across much of the U.S. alfalfa seed production area.
the alfalfa leafcutting bee, Megachile rotundata (F.) (Hymenoptera: Megachilidae), is surpassed only by the honey bee in its economic value as a crop pollinator. Alfalfa is grown worldwide to produce highquality hay for dairy cows and horses, and approximately two-thirds of the world seed supply for alfalfa is grown in the United States and Canada, where it is pollinated mainly by the alfalfa leafcutting bee. Alfalfa seed and hay products account for about one-third the economic value usually credited to honey bee pollination (PittsÐSinger and Cane 2011). The alfalfa leafcutting bee was accidentally introduced into the United States before 1940, and its potential to be propagated as an alfalfa pollinator was recognized in 1960 (Stephen and Torchio 1961) . The development of management protocols since that time has made it widely available for pollination services (Frank 2003 , PittsÐSinger 2008 , PittsÐSinger and Cane 2011 .
Alfalfa leafcutting bees are managed by either alfalfa seed growers or specialized providers of alfalfa pollination services. The management methods used to propagate and use this bee reßect its basic solitary bee life cycle (PittsÐSinger 2008, PittsÐSinger and Cane 2011) . As a Þfth (ultimate) instar, it spins a cocoon inside the nest, where it diapauses and overwinters. It does not pupate until the next spring. In managed systems, the cocoons are stored at 4ЊC for Ն6 mo. Approximately 21 d before an alfalfa stand is expected to bloom, the cocoons are incubated at 28 Ð 30ЊC until the Þrst adults begin to emerge, when the bees are taken to the Þeld where they continue to emerge in shelters containing nesting boards. Shelters vary in size, shape, and the manner in which they are distributed in the Þeld, depending on the whim of the bee manager. The nesting boards come in a few varieties, including solid boards of wood or high-density polystyrene with rows of tunnels (95Ð150 mm in depth and 5Ð7 mm in diameter) drilled or molded throughout. Board size can vary, but is usually Ϸ0.6 by 1.2 m, with uniform rows of tunnels.
The typical nesting period is from June through August. Each nest is composed of a series of cells constructed by the mother bee out of alfalfa leaf pieces. A nesting female cuts small circular pieces from alfalfa leaves and uses them to line the back of a tunnel to a depth of Ϸ1 cm, creating a cup-shaped cell. She then Þlls that cell about two thirds full with a pollen and nectar food provision collected from the Þeld. She lays a single egg on this food provision, and caps the cell with more leaf pieces. Another cell is then created adjacent to the Þrst one, and so on, until the tunnel is Þlled. This pollen and nectar provision is the only care provided to developing brood, which consume the entire provision. At the end of the nesting season, each cell should contain a viable larvae in a cocoon, with no remaining provision. However, some cells contain only the pollen and nectar provision with no visible larvae, a condition called pollen ball. Most cells with pollen ball contain a dead egg or early instar larva, although a moderate proportion show no signs of ever having had an egg (PittsÐSinger 2004) .
Alfalfa leafcutting bee larvae have a facultative diapause. The proportion of larvae that enter diapause and overwinter, or avert diapause and become multivoltine, probably varies with temperature, time of year, photoperiod, genetics, maternal effects, and other unknown inßuences (Parker and Tepedino 1982; Parker 1986, 1988) . Larvae that fail to either diapause or emerge as adults before winter storage will die during storage (Richards and WhitÞeld 1988) . As with most solitary bees, the sex ratio of alfalfa leafcutting bees is male biased. PittsÐSinger and James (2005) found bees produced in the United States have populations that are, on average, 55.8% male, while those from Canada 65.6%, at the time of emergence.
Bee shelters and nesting boards are removed from the Þelds just before seed harvest in the late summer or early fall. The bees may be stored during winter as intact nests in the boards, but more commonly are mechanically removed from the boards and stored as "loose cells." The loose cell system was developed to reduce the spread of chalkbrood, a fungal disease caused by Ascosphaera aggregata Skou (Ascosphaeracaeae) (Skou 1975) . This pathogen spreads when a larva succumbs to the disease, and female bees developing behind it in the nest chew their way through the spore-infested cadaver during emergence, becoming contaminated with fungal spores, and then contaminating any pollen provisions each produces. The offspring become infected per os after consuming the spores. If the cells are removed from the boards before winter storage and being incubated in trays, the adults emerging from loose cells do not have to contend with dead siblings blocking their exit. Another advantage to the loose cell system is that the empty boards can be disinfected by a variety of methods once the cocoons have been removed (James 2005 (James , 2008 .
In addition to chalkbrood and the occasional failure to diapause before winter, managed bees suffer a variety of other mortality factors. They are susceptible to brood parasites (other bees or wasps that lay their own eggs in the leafcutting bee cells), parasitoids, and predatory beetles. Despite the best efforts of bee managers, alfalfa leafcutting bees suffer such poor reproduction rates in the United States that large numbers must be imported from Canada every year, where production rates are much better. Here, an area-wide survey of alfalfa seed Þelds was conducted in the western United States to quantify losses, and to identify farming and bee management practices that may be associated with these losses.
Materials and Methods
Survey Methods. Questionnaires were sent to selected participants along with instructions for taking samples from boards and an insulated foam box for express shipping the sample to Logan, UT, for use in analyses. The Þrst year of the survey, we visited most of the farms, collected samples directly, and conducted the questionnaires verbally. In subsequent years, we often conducted the questionnaires over the phone. Alfalfa leafcutting bee larvae were sampled for 3 yr (2003, 2004, and 2005) from within the primary alfalfa seed production areas of the United States: Idaho, Montana, Nevada, Oregon, Utah, Washington, and Wyoming. Bees were sampled from two to four seed Þelds per state each year, but different Þelds were sampled each year, for a total of 46. Sample collection was dependent on the collaboration of growers and specialized pollination service providers, and the same Þelds were not always used for alfalfa seed production year after year.
The questionnaires provided data on both the farming and bee management practices. The farming data collected included Þeld size, age of the alfalfa stand, harvest date, and yield. We also recorded seed variety, nesting board substrate (polystyrene or wood), and irrigation method; however, many growers could not identify the seed variety because they produced propriety seed grown under contract. The bee management data collected included the date adult bees were Þrst released into the Þeld, the number of times bees were released per year in a given Þeld, the total number of bees released, the size of the Þeld, the number of shelters per hectare used for housing the nesting boards, the number of nesting boards per hectare, the number of nesting tunnels provided per female released in the Þeld, whether or not Vapona (dichlorovos impregnated within a plastic, Shell Chemical Co., Houston, TX) was used during incubation to control hymenopteran parasitoids (see Results for a list of the parasitoids found), and whether and how the boards were disinfected before being placed in the Þeld. The number of nesting tunnels per female was estimated using the following formula: (number of bees reported to be released/ha) ϫ 0.33 ϫ (number nesting boards/ ha) ϫ (typical number of tunnels per board for the given board type), where 0.33 is the expected proportion of females from purchased Canadian bees.
The bee larvae were sampled at the end of the Þeld season, at about the time of seed harvest. For each sample, we collected 500 cells directly from the nesting boards, generally from one end of the board. The cells were x-rayed using methods described by Stephen and Undurraga (1976) , and the conditions of cells were categorized as follows: 1) healthy prepupa present, 2) pollen ball (most or all of the pollen provision was present but no larva), 3) chalkbrood (dead larva with apparent chalkbrood infection), 4) brood parasite-attacked, 5) parasitoid-attacked, 6) larva preyed on and eaten (as determined by the presence of the predator, the nature of the nest damage, or presence of predatorÕs frass), 7) nondiapausing (a pupa or adult present), and 8) unknown mortality (a dead larva was present but the cause of mortality was unknown). First instars occur inside the egg chorion, and second instars are similar in size to the egg. When these stages die, their collapsed remains were often undetectable by x-ray, and these cells were classiÞed as pollen ball (PittsÐSinger 2004) . The unknown mortality category usually contained cells with larvae in stadia 3Ð5 (subsequently referred to as later-instars). If the condition of the cell was not clearly apparent from the x-ray, the cell was cut open and the determination was made directly. On a rare occasion, a nest contained the cell of another bee species (usually Megachile relativa Cresson, Hymenoptera: Megachilidae). These bees were uncommon, and are neither predatory nor parasitic, and thus were not counted, as the cell was not created by an M. rotundata female and did not constitute a larval mortality factor or signiÞ-cant loss of bee production.
Effectiveness of Cell Processing on Eliminating Poor Quality Cells. Leafcutting bee managers who use the loose cell system process the bees after they are removed from the Þelds. The nests are mechanically removed from the boards and then broken apart into single and doubled cells, a process called cell breaking. Growers also remove extra debris and empty cells using either a gravity table or a tumbling system with a screen. To evaluate if these practices removed cells containing pollen balls, chalkbrood, parasitoids, or cells damaged by predators, we measured the proportion of cells in each of these categories before and after processing using a random sample of cells from 11 Þelds (across eight growers and 2 yr). The unprocessed cells were sampled from the boards and evaluated using x-ray analysis, as described above, using a sample of 500 cells per Þeld. Growers then provided another 500 loose cells sample they collected after processing nests.
Statistical Methods. We designated 10 growing areas to summarize the characteristics of the farm and bee management practices in each farming area ( Fig. 1 ; Table 1 ). The mean proportion of cells in each category (live, pollen ball, chalkbrood, nondiapausing bees, brood parasites, parasitoids, predation, or unknown mortality) was used to provide a summary of these parameters, and the means were compared among the farming areas using analysis of variance (ANOVA). TukeyÕs t-test was used for adjusted pairwise comparisons (SAS Institute Inc., Cary, NC; Table 1 ).
The farming areas were used only to provide general summaries. To determine whether any of the farm or bee management practices were correlated with the proportion of cells in a health category, a backward stepwise regression was used based on the data from Table 1 for other characteristics of the farming areas. Bar ϭ 500 km.
each Þeld. A separate stepwise regression was conducted for each cell quality category after an arcsinesquare-root transformation to normalize the variance and distribution (SAS Institute Inc.). The Þrst regression model always included all the farm and bee management practices described above, plus the U.S. Department of AgricultureÐPlant Hardiness Zones (USDAÐPlant Hardiness Zone Map 2012), the American Horticultural Society (AHS) Heat Zones (Cathey 2012) for the Þelds to quantify local climate, and the latitude of the nearest town. Variables with a signiÞ-cance of P Յ 0.10 were retained in the Þnal stepwise model (the default setting in SAS).
In addition, two sets of degreeÐ days were included in the regression analyses: before bees were released (1 January to the Þrst date bees were released in a given Þeld), and during peak nesting (the date of Þrst release until 31 July). For prerelease degreeÐ days, we used publicly available temperature data from a location near the Þeld (usually an airport in a nearby town). For degreeÐ days during peak nesting, we recorded temperatures in a shelter in the Þeld using a data logger. The prerelease degreeÐ days identiÞes the point in the season when bees were released in a Þeld, standardized across the large geographic range of the study, where the seasonal patterns differ tremendously. The degreeÐ days during peak nesting was a measure of heat units during nesting. The model used to calculate degreeÐ days was based on a single sine curve with a lower temperature threshold of 5.5ЊC and an upper threshold of 43.3ЊC (U.C. Davis, www. ipm.ucdavis.edu/weather/ddretrieve.html).
ANOVA was used to compare the effect of processing on the proportion of cells in a given health category. We used an arcsine-square-root transformation of the proportion data to normalize the distribution and variance.
Results
Characteristics of Alfalfa Seed Farms and Leafcutting Bee Management. Field sizes in our study ranged from 3 to 32 ha, documenting the relatively small size of commercial alfalfa seed Þelds. Two irrigation systems were also used: ßood irrigation using furrows (91.9% of the Þelds) and center-pivot sprinkler systems (8.1%). Three nesting board types were used: molded polystyrene (66.7%), wooden laminates (19%), and wooden boards with drilled tunnels (14%). Bee managers released an average of 120,000 bees/ha and obtained an average seed yield of 750 kg/ha (Table 1). Although we expected managers to provide more than one nesting tunnel per female bee released, this was not always the case. The average number of tunnels provided in artiÞcial boards was 1.29 per female (based on our calculated estimates), and the maximum provided was three per released female. In the survey, we ask the managers how many tunnels per female they provided, but many reported that they had not previously considered this management factor. The use of Vapona during spring incubation for controlling parasitoids varied considerably between farming areas, as did using some form of board disinfection. The most common disinfection methods are fumigation with either paraformaldehyde 2 or methyl bromide (Brom-o-gas, Great Lakes Chemical Corp., West Lafayette, IN). Brom-o-gas was used only in Area A. No one in the survey treated loose cells with a disinfectant, although this is a common practice used by Canadian bee managers (Goettel and Duke 1996) .
Bee managers varied considerably in how they placed shelters. Some used many small shelters evenly distributed in the Þeld (common in Areas A and H), and others used fewer larger shelters placed in the Þeld margins (common in Areas B, D, and E; Table 1 ). Except for Area F, growers released their Þrst bees from mid-to late-June.
Cell Quality Categories Compared Among Farm Areas. The proportion of viable larvae varied signiÞ-cantly among the different farming areas, as represented by percentage of cells with healthy prepupae at the end of the season ( Fig. 1; Table 2 ). Area B had the lowest ratio of viable cells among all the farming areas, and the areas sampled in Montana had the highest average survivorship (Fig. 1) .
Pollen balls and unknown larval mortality always were the greatest categories of nonviable cells. The proportion of cells with pollen ball did not vary signiÞcantly between farming areas, but the category for unknown mortality did ( Fig. 1; Table 2 ).
Chalkbrood often was the next most common problem found (Fig. 1) , and it also varied signiÞcantly between farming areas (Table 2) . Although none of the pairwise comparisons were signiÞcant, chalkbrood was nearly absent from Area G, and very low in Area F.
Prevalence of parasites and predators also varied signiÞcantly between farming areas ( Fig. 1; Table 2 ). The overall mean proportion of cells preyed-on was 13% (Fig. 2) . Most of the identiÞable predation was caused by beetles. Trichodes ornatus (Say) (Coleoptera: Cleridae) accounted for 83.8% of the predation, and Nemognatha lutea LeConte, 1853 (Coleoptera: Meloidae), Tribolium spp. (Coleoptera: Tenebrionidae), and an unidentiÞed melodid accounted for 9.4, 6.5, and 0.3% of the predation, respectively. Birds and rodents may also have fed on bee larvae, but our survey methods did not assess this kind of damage.
Mean parasitization was 24% of the cells (Fig. 2) . Of those, Melitobia spp. (probably Melitobia chalybii Ashmead or Melitobia acasta) (Hymenoptera: Eulophidae) accounted for 40.8%, Tetrastichus megachilidis Burks, 1963 (Hymenoptera: Eulophidae) accounted for 32.6%, Pteromalus venustus Walker (Hymenoptera: Pteromalidae) accounted for 26.4%, and Monodontomerus obsoletus (F.) (Hymenoptera: Torymidae) accounted for 0.2% of the parasitized cells. However, the parasitoids in 38% of parasitized cells could not be identiÞed. It is likely the unidentiÞed parasites were the same species of Chalcidoidea just mentioned. Our identiÞcations were based on literature records for the genera that parasitize M. rotundata. Parasitoids occurred in the samples most commonly as larvae (or may have been missing, leaving only signs of their past presence), making them difÞcult to identify to species, especially in an x-ray. All of the brood parasitism was caused by Sapyga spp., most likely Sapyga pumila Cresson, 1880. Samples were kept at 4ЊC until x-ray analysis, and so parasitoid counts represented actual Þeld infestation levels and not infestations that developed in the laboratory.
Impact of Management Practices and Environmental Factors on Mortality. The proportion of bees that were still alive and healthy at the end of the season was positively correlated with the age of the alfalfa stand, and negatively correlated with both the USDAÐPlant Hardiness Zones and the number of bees released per hectare (Table 3) . Both the USDAÐPlant Hardiness Zones and the AHS Heat Zones increase in value for warmer climates. Thus, a negative correlation with 2 The products used for fumigation were never speciÞed in the survey, but we are aware that farmers use these products. Paraformaldehyde was not registered for use on alfalfa leafcutting bee nests until 2012, and methyl bromide is not registered for this use. one of these Zone parameters means that the proportion of viable cells was greater in cooler regions.
Pollen ball was most affected by the degree of crowding (number of bees released) and alfalfa stand age (the older the stand, the lower the proportion of pollen balls; Table 3 ). Field size was also negatively associated with pollen ball ratios, but with marginal signiÞcance (Table 3) .
The proportion of cells with brood that did not diapause (appearing as pupae or adults in the survey samples, and which would die during winter storage) was not correlated with climate or temperature, but was negatively correlated with the number of shelters per hectare, Vapona use, and the number of nesting tunnels per female (Table 3) . The negative correlation with Vapona means diapause increased with vapona use. It should be noted, our end-of-the-season sampling does not quantifying all the second generation bees, as many undoubtedly completed development and emerged as adults during the nesting season. Nonetheless, our samples do quantify the proportion of cells that die during winter storage due a failure to diapause, and some bee management factors are correlated with this loss.
Chalkbrood prevalence was correlated with the number of shelters per hectare and the number of bees released (Table 3) . Both factors may represent limited resource availability because of competition. Vapona was also associated with chalkbrood presence, but had marginal statistical signiÞcance (Table 3) . Board disinfection, a practice designed to control chalkbrood, was not associated with chalkbrood levels.
The prevalence of the brood parasite S. pumila was positively associated with both the number of bees released and the number of releases, but had a marginal statistical signiÞcance and a low correlation coefÞcient. Parasitoid prevalence, however, was correlated with both the AHS Heat Zone and latitude (Table 3) . Warm summers with long day-lengths appear to favor the parasitoids. Note that Vapona use was not correlated with parasitoid prevalence at the end of the season. Predation was somewhat correlated with degreeÐ days during nesting (with a low correlation coefÞcient; Table 3 ). Thus, predation tended to be greater in areas with warm summers, regardless of the latitude or winter climate.
Unknown larval mortality was positively correlated with the USDAÐPlant Hardiness Zone, and negatively correlated with Þeld size (the larger the Þeld, the lower the losses). Latitude was negatively associated with unknown mortality, and Vapona was positively associated (Table 3) .
Effect of Cell Processing on Eliminating Poor Quality Cells. Eighty-three percent of the Þelds sampled used alfalfa leafcutting bees managed under the loose cells system. Among the cells that we received and analyzed, the cell processing methods used at the end of the season were found to signiÞcantly affect the ratio of pollen balls (F ϭ 25.4; df ϭ 1,21; P Ͻ 0.0001) (Fig. 2) , but no other category of nonviable cells. The proportion of viable cells increased after processing, but signiÞcance was marginal (F ϭ 3.37; df ϭ 1,21; P Ͻ 0.08).
Discussion
The alfalfa leafcutting bee has been intensively managed for alfalfa for seed production since the early 1960s, yet this is the Þrst survey of alfalfa leafcutting bee health conducted over a large geographic area. Based on our discussions with seed producers about their bee purchasing practices, we estimate that Ϸ50% of the bees released every year are purchased from Canada, and the majority of alfalfa leafcutting bee production efforts in the United States are not sustainable. Although our survey did not quantify bee reproduction rates (the number of viable female bees produced per released female), we did quantify the factors causing nonviable cells at the end of the season.
Samples with the greatest percentage of cells containing viable larvae tended to be from alfalfa seed Þelds in Montana, Wyoming, and Nevada. Pollen ball, chalkbrood, and the unknown mortality constituted the greatest categories of nonviable cells. Factors correlated with increases in viable cells indicate that older alfalfa stands in cooler climates may provide for the best reproductive success, especially if the bee release rates are not too high. Other studies also found high bee release rates to have a negative effect on the proportion of viable cells (Bosch and Kemp 2005, PittsÐSinger and Bosch 2010) . In our study, the nonviable categories that were the sources for this reproductive loss appear to be pollen balls and S. pumila. Surprisingly, chalkbrood was negatively correlated with bee release rates. However, bear in mind that a recent Þeld assessment found that the number of bees released in a Þeld is not always a good approximation of the number of bees that remain throughout the season because sites differ in their capacity to sustain bee populations (PittsÐSinger 2013).
Both pollen ball and the unknown mortality appear to be affected by factors that may affect resource availability, such as bee release rates, Þeld size, and stand age. We expect high bee densities to decrease forage by increasing competition, and ßower production is greater in older stands, which have larger plants (as reßected in the higher yields obtained after the Þrst year of planting). The effect of Þeld size was positively correlated with pollen balls, and negatively correlated with unknown mortality. This dichotomy is difÞcult to explain. Alfalfa leafcutting bees collect pollen from a variety of plants, even in alfalfa seed Þelds (Jensen et al. 2003 , OÕNeill et al. 2010 , OÕNeill and OÕNeill 2011 , but the effect of Þeld size on these resources is not readily apparent, as weeds from which bees collect pollen are often dispersed throughout alfalfa Þelds.
None of our climate factors were correlated with pollen balls, but the USDAÐPlant Hardiness Zone was correlated with the unknown mortality. In the western United States, large temperature differences occur between midday and midnight, even in the summer. For example, in Boise, ID (near farming areas B and C), the 56-yr average daily high in July is 32.3ЊC, and the low is 14.2ЊC; in Billings, MT (area H), the 61-yr average daily high in July is 25.3ЊC, and the low is 14.1ЊC; in Elko, NV (east of areas D and E), the 65-yr average daily high is 32.8ЊC, and the low 10.0ЊC (Western Areal Climate Center 2012). Thus, both chilling and overheating are potential hazards throughout much of the growing season, but chilling is probably a greater threat early in the season (June) when the eggs are Þrst being laid, and high temperatures are probably most likely to occur late in the season (July and August), when the later instars become more common. None of our bee management factors are adequate to capture this possible affect, but PittsÐ Singer and James (2008) found pollen ball frequency was correlated with the number cold and wet days during the nesting period and the number of days over 38ЊC. A solution to both of these problems may be better shelter designs to help dampen temperature ßuctuations.
The third greatest loss was caused by chalkbrood. This disease has been a recalcitrant problem since the 1970s, and no good solutions have yet been developed. James (2005) found that board disinfection was insufÞcient to control chalkbrood, and the lack of any correlation between chalkbrood and disinfectant use support that Þnding. It is possible that board disinfection is a necessary, but insufÞcient, practice for controlling this disease; additional mechanisms for disease transmission may need to be managed before any control of this disease is achieved (Vandenberg et al. 1980 , Stephen et al. 1981 , James 2008 . Our questionnaires revealed that none of the growers treated the loose cells with a disinfectant or fungicide, although this practice is common in Canada (Goerzen 1992 (Goerzen , 1993 Goettel and Duke 1996) , and has been evaluated for use in the United States (Stephen et al. 1982) . However, Þeld evaluations testing the efÞcacy of such practices in reducing disease prevalence had mixed results (James 2011) .
The connection between Vapona and several of the nonviable categories is interesting, but not easily explained. Pesticides might affect the susceptibility of bees to some pathogens (Boncristiani et al. 2012 , Pettis et al. 2012 ; however, this probably is not a general phenomenon (James and Xu 2012) . In alfalfa leafcutting bee management, the mother bee is exposed to Vapona during incubation, but it is her offspring that display the effects measured (diapause induction, chalkbrood, and unknown mortality). Thus, if there is any direct connection between Vapona use and the incidence of these factors, the pesticide would have to affect the offspring of the exposed females.
The brood parasite S. pumila, nondiapausing bees, parasitoids, and predation were the lesser mortality factors. However, parasitoids and predators caused substantial losses in some areas. In general, it appears that warmer weather and warmer climates promote parasitoids and predators, with the exception of S. pumila. We also found that the methods used to clean loose cells after harvest did not increase the proportion of cells with live prepupae, but did reduce the proportion of pollen ball cells. Thus, these methods were not effective at removing nonviable cocoons. Loose cell processing is probably still worth doing because it eliminates pollen balls as well as general debris (loose leaf pieces, etc.), reducing the total cell volume before storage.
This survey quantiÞed factors that affect viable and nonviable cells produced by alfalfa leafcutting bees when managed for alfalfa pollination. We identify some possible causes for some of the mortality factors and areas for further investigation. We also report summary statistics on various farm management practices, and the intensity to which bee managers implement known protocols and treatments in the United States.
